In the course of our systematic studies on the photochemistry of nitrogen-carbonyl systems such as amides and imides,2) we have been exploring photoreactions of conjugated nitrogen-carbonyl systems.1) As a continuation of this work, we are interested in the photochemistry of 2-pyridones, the most fundamental member in the family of the conjugated nitrogen-carbonyl systems.
Although photooxygenation reactions of 5-and 7-membered nitrogen-heterocycles such as pyrroles, indoles3) and diazepines4) are well known, little is known about the photochemistry of 6-membered nitrogen-heterocycles, except for 2-pyrazinone,5) and 1,2-dihydropyridine derivatives.6) Photochemical reactions of 2-pyridones such as [4 + 4] 
valence isomerization,8) and [2 + 2] cycloaddition to olefins9) have been extensively studied . However, photooxygenation of 2-pyridones, which seems interesting from the view point of synthetic utility, has attracted no attention.3) In this paper we wish to report the photosensitized oxygenation reactions of 3-and 6-substituted 2-pyridones (1) .
Irradiation of 3-methyl-2-pyridone derivatives (1a-f) with a 500 W halogen lamp through a Pyrex filter, in methylene chloride with methylene blue (MB) as sensitizer in the presence of a small amount of p-toluenesulfonic acid under an oxygen atmosphere, afforded 3-hydroxypyridine-2,6-diones (2a-f) as shown in Chart 1 and Table I .
In contrast, when lb and le were irradiated under similar conditions but in the absence of the acid catalyst, the yields of 2b and 2e were very low and most of the starting materials were recovered. The mechanism of these reactions may be explained in terms of involvement of endoperoxides (6) as common intermediates . In the presence of an acid catalyst, protonation may promote the O-O bond fission, leading to the products 2 through path A.
Presumably the first step of oxygen addition to form the endoperoxide (6) is reversible (Chart 2), and the back process may be predominant in the absence of an acid catalyst. Alternatively, the formation of 2 could also be explained by attack of a water molecule at the 3-position of 6 followed by dehydration. If this mechanism is correct , one might expect a 3-methoxylated product in place of the 3-hydroxy product in the reaction of 1 in methanol . However, irradiation of lb in methanol in the absence of an acid catalyst gave intractable mixtures of products including a trace of 2b, detected by thin layer chromatography (TLC) . In the presence of an acid catalyst either in methylene chloride or in methanol , the reaction proceeded smoothly, giving 2b, not the 3-methoxy product.10) These results support the mechanism in which the acid catalyst promotes the O-O bond fission along path A as shown in Chart 2.
Since singlet oxygen possesses an electrophilic character,11) 2-pyridone derivatives with an electron-donating substituent may be expected to undergo efficient oxygenation . 3-Methoxy-2-pyridone (1g) bearing an electron-donating methoxy group at the 3-position was then subjected to the photooxygenation in an alcoholic medium. Irradiation of 1g in methanol gave 3,3-dimethoxypyridine-2,6-(1H,3H)-dione (2g), though the reaction in methylene chloride, either in the presence or absence of acid catalyst, gave a complex mixture on TLC .10) Similar products 2h-j were also obtained by irradiation of 1h-j in other alcohols such as ethanol, isoipropanol and allyl alcohol, as shown in Table I . Apparently, when R2 is a methoxy group, nucleophilic attack of an alcohol molecule occurs at the 3-position of the endoperoxide (6) (path B) to form a hydroperoxide (7) which is then dehydrated to give 2a-f. The site of alcohol attack can be explained by the stabilizing effect of the methoxy substituent on the intermediary carbonium ion , assisted by the adjacent double bond, if SN 1-character is assumed for the alcoholysis.
To examine the relation between the substituents and the reactivities of the postulated endoperoxides 6, the photo reactions of 1k-o, which have a methyl group at the 6-position, and are therefore structural isomers of la, b with a methyl at the 3-position , were examined. These substrates 1k-o would lead to the endoperoxides 6k-o having a methyl group at the bridgehead 6-position. Upon photooxygenation in methanol, 6-methyl-2-pyridones (1k-o) gave 6-methoxypyridine-2,3-dione derivatives (3k-o). The formation of 2,3-diones (3) can be explained on the basis of dehydration of the hydroperoxide (8) formed by nucleophilic attack of methanol on the endoperoxide (6) (path C). The fact that the reaction site is the tertiary carbon suggests that the reaction mode is again of SN1 type, in contrast to that in the reactions of the isomeric pyridones 1a-f, where the O-O bond fission seems to be an initial step. Even in the presence of an acid catalyst, 6k-o mainly undergo the SN1-like substitution, giving similar results.10)
Since the introduction of an oxygen function at the 3-or 6-position of 2-pyridones by incorporation of solvent alcohol is now possible, intramolecular alcoholysis was examined for the synthetic application of this reaction. Thus, N-hydroxylalkyl-2-pyridones 4p and 4q in methylene chloride were treated under the photooxygenation conditions. As expected, the bicyclic products 5p and 5q were obtained, respectively, as shown in Table I and Chart 3. In Chart 2 the absence of an acid catalyst , only traces of 5p and 5q were detected. Dilling et al. reported that oxygen had no effect on the photoreactions of 2-pyridones such as [4 + 4] dimerization and valence isomerization .8) Therefore, it is interesting that the 3-and 6-substituted 2-pyridones underwent photosensitized oxygenation to produce oxygenated products in moderate yields. The formation of all the products can be explained by assuming the endoperoxides (6) 
